Background: DLCL with aberrations in MYC, BCL2 and/or BCL6 due to genetic alterations or protein expression is a high grade B-cell lymphomas with poor prognosis if received standard RCHOP chemotherapy. So that, different regimens are needed for better prognosis.
Introduction
DLBCL is the commonest type of non-Hodgkin lymphoma (NHL), representing about 30-40 % of NHL cases. It is a different group of diseases [1] . Some cases of high grade lymphoma arise on top low grade lymphoma as follicular lymphoma due to the occurrence of additional events [2] . BCL2, BCL6, and MYC genes are frequently undergo mutation in DLBCL. The 2016 revision of the World Health Organization (WHO) that classify lymphoma included a different subtype of lymphoma, differs from DLCL, known as highgrade B-cell lymphoma with translocations involving myc and bcl-2 or bcl-6 as identified by fluorescence in situ hybridization (FISH) or standard cytogenetics [3] , termed as double-hit lymphomas (or triple-hit lymphomas if all 3 rearrangements are present). The "first-hit" is a MYC rearrangement [4] . Derangements of both BCL2 and BCL6 may be the "second hit" or "third hit." [5] .
Using the immunohistochemistry to detect the expression of MYC protein resulted in the identification of some lymphomas associated with protein overexpression of MYC and BCL2 genes in absence of genetic rearrangements [6] . Dual-expresser protein, or double protein, refers to immunohisto-3581 chemical detection of MYC and BCL2 overexpression. This profile was referred to as the "doubleexpressor" phenotype in DLBCL in the revised World Health Organization (WHO) classification of lymphoid neoplasms, which was published in 2016 in Blood [7] .
We must differentiate between double-hit lymphomas (or triple-hit lymphomas) and the larger group of double-expressor lymphomas, that showed IHC over-expression of MYC and BCL-2 and/or BCL-6, through using variable cutoff values to define positivity [8] . Cases with double-hit lymphomas have worse outcome if treated with standard chemotherapeutic regimen with high incidence of CNS metastasis. DHL may arise as a result of the transformation of the underlying indolent lymphoma [9] . C-Myc is an important "global" transcription factor that has roles in cell proliferation and growth. It is located on chromosome 8q24. in normal states,it is strictly regulated, resulting in low c-MYC protein levels, that able to activate apoptosis under normal physiological conditions [10] . The cmyc geneusually known as a bona fide oncogene, that can cause cell transformation through uncontrolled over-expression of intact c-MYC protein [11] . The c-myc gene translocation with an immunoglobulin gene is the genetic hallmark of Burkitt lymphoma (BL) and is essential for that diagnosis. MYC over-expression leads to continuous cell growth, division, and metastasis [12] . BCL2 gene antagonizes apoptosis, and its dysregulation leads to prolonged cell survival. in normal states, BCL6 encodes a transcription repressor, its over-expression causes suppression of several genes as P53 tumor suppressor gene that prevent apoptosis of cells with damaged DNA [13] . Theoretically, lymphomas with mutations that cause continuous cell growth and prevent apoptosis leading to prolonged survival of malignant cells. inactivation of MYC gene is caused by the action of BCL6, the main regulator of the germinal centre [14, 15] . BCL-2 translocation, commonly present in cases with follicular lymphoma, it is present in 45% of cases of DLBCL and is a marker of worse outcome. Recently, there are many studies for targeted therapies for this marker, promising the development of drugs that antagonize the functions of BCL2 [16] . BCL6 (3q) encodes the BCL6 protein which has a great role in the differentiation of normal germinal centre B lymphocytes. BCL-6 controls a transcriptional programme which facilitates the entry of precursor B cells into the germinal centre of the follicle [17] . It modulates and inhibits the reactions of the germinative centre, leading to its formation and maintenance. If this gene is desregulated, that will lead to lymphomagenesis and is detected in 30% of DLBCL patients [18] .
Aim of the work:
Our primary objective was to detect the relation between protein and genetic expression of MYC, BCL2, and/or BCL-6 in cases of DLBCL through comparing the results of IHC and FISH. The secondary objectives were to determine if MYC IHC could be used as a screening test to determine DHL or THL status, to determine if the double hit or triple hit biology are associated with any clinicpathological features.
Patients and Methods
This study was done on selected 30 cases of patients diagnosed as DLBCL from General surgery department-faculty of medicine-Benha University and general surgery department of Asiut faculty of medicine, Al-Azhar University. Records were reviewed from July 2015 to July 2018. After institutional approval of the study protocol and obtaining fully informed written patients consent for participation in the study. Patients were evaluated in surgical OPD for lymphadenopathy by detailed history taking, general and local examination. Clinical informations were reviewed, including history of non-Hodgkin lymphoma (NHL), nodal and/or extranodal involvement, central nervous system (CNS) involvement, bone marrow infiltration, levels of lactic dehydrogenase (LDH), staging, and recurrences.
Inclusion criteria for this study were: 1-Significant lymphadenopathy for more than 2 weeks without presence of infectious cause, with no response to conservative treatment and/or clinical suspicion of malignancy.
2-Post operative (lymph node biopsy) pathological diagnosis of DLCL.
Exclusion criteria for this study were: 1-Lymph node biopsy was done as a part of more elaborate procedure, for example: Neck dissection for a known head and neck cancer with cervical lymphadenopathy.
2-Post operative (lymph node biopsy) pathological
diagnosis was not DLCL (other type of lymphoma or any other pathological diagnosis).
Morphological features:
Hematoxylin and eosin (HE) slides of the 30 selected biopsies were evaluated according to the morphological criteria defined by the revised World Health Organization (WHO) classification of lymphoid neoplasms, which was published in 2016 [7] . The parameters adopted in this study were monomorphic/polymorphic cytological pattern, diffuse growth, cytoplasmic eosinophilia, necrosis, mitotic activity, apoptosis, stromal sclerosis.
Immunophenotypic evaluation:
The corresponding cell blocks were cut 4 µm thick, mounted on positively-charged slides. The steps of staining followed the standard ABC (avidin-biotin complex) procedure using the Ultra Vision Detection System (Anti-polyvalent, HRP/ DAB, ready-to-use, Lab Vision corporation). Antigen retrieval was done with microwave treatment in 10mM citrate buffer (Neo-Markers, Cat.# AP-9003), pH 6.0. The markers used were: CD10 (clone 56C6, ready to use, Dako), Bcl6 (PGB6-P clone, ready to use, Dako), Bcl2 (clone 124, ready to use, Dako), Myc (clone EP121, ready to use, Biocare) and Ki67 (Clone MIB-1, ready to use; Dako). Appropriate positive and negative controls were included. The freshly prepared DABsubstrate-chromogen solution was applied.
According to Olivera, et al., [14] the expression of CD 10 was evaluated if being positive or negative. The markers Myc, Bcl2 and Bcl6 were evaluated through calculating percentage of cellular expression. For Myc and BCL6, cases were defined positive if the nuclear expression was >50% of tumor cells. For Bcl 2, the cases were recorded positive if >_70% of cells stained by the marker.
Cases stained by Ki67 for detection degree of was classified into <90%, and >_90%.
Fluorescence in situ hybridization (FISH):
According to Kasireddy, et al., [19] Fluorescence in situ hybridization (FISH) analysis was performed for formalin-fixed, paraffin-embedded tissue samples; FISH was done according to the manufacturer's protocol. The signals from 200 nuclei were examined to detect loci of the MYC (Vysis LSI MYC-IGH dual color, orange and green, break apart rearrangement probe; Abbott Molecular Des Plaines, IL, USA), BCL2 (Dako, BCL2 FISH DNA, red and green, probe split signal) and BCL6 genes (Vysis LSI, BCL6, dual color, orange and green, break apart probe rearrangement; Abbott Molecular Des Plaines, IL, USA), following the manufacturer's instructions. The FISH results were examined by fluorescence microscopy (BX61; Olympus, Center Valley, PA) with suitable filters and the images were taken with a Q-Color 5 Olympus digital camera. A case was positive if 5.0% of the cells (at least 40 tumor cells were counted) of a sample showed separate orange/red and green signals.
Statistical analysis:
Statistical analysis was performed using the SPSS version 16.0 (Chicago, SPSS Inc. USA) for windows software package according to Sperman's correlation coefficient. Correlation between several variables was computed using Fisher's exact test. p-value <0.05 was recorded significant and <0.01 was considered highly significant. Overall survival (OS) was calculated from the date of diagnosis to the date of death or last follow-up.
Results
The 30 patients were submitted for clinical review, morphological analysis, immunohistochemistry and molecular evaluation. FISH analysis detected three cases of DHL. The two groups defined by the cytogenetics investigation were, DHL (n=3) and DLBCL (n=27); the clinical, morphological, immunohistochemical and cytogenetic data are shown in Tables (1,2,3) respectively.
The clinical features of examined cases:
Among patients with DLBCL, males represented (55.5%) with a mean age of 61 years (range: 25-69 years), 59.3% of patients were >61 years. Regarding the clinical features, two patients were initially presented with extranodal mass. bone marrow infiltration in 14.7% (4/27) and in the CNS in 2 patients (7.4%). 12 cases (44.4%) presented at stage III or IV. As for clinical outcomes in the DLBCL group, 13 of the 27 cases (48.1%) resulted in death about 12 months after diagnosis.
The 3 patients of DHL (Table 1) were men, over 61 years old, previously diagnosed as DLBCL. Two patients were initially presented with extranodal mass. Bone marrow infilteration in 2 cases but no CNS infiltration in all the three patients. 2 of these cases presented at stage III or IV. The clinical course of the DHL patients was death in three, four and five months.
Histopathological features:
Among the 30 cases of DLBCL, the main growth pattern was the diffuse pattern (100%) and 70.4% of cases showed mitosis. In the DHL group, the typical morphology in our study was diffuse monomorphic pattern, eosinophilic cytoplasm and apoptotic elements. The sclerosis or nuclear lobulation were not observed in this group (Table 1) . Immunohistochemical Results:
In the DLBCL group, 12 cases (44.4%) were CD10 positive, 9 cases (33.3%) were BCL6 positive, 11 case (40.7%) were Bcl2 positive and 3 patients (10%) were positive for Myc. Cell proliferation, measured by Ki-67, was higher than 90% in three (11.1%).
The three DHL had a B immunophenotype. 3 cases were positive for both MYC and BCL2. BCL6 were negative in all three biopsies. Cell proliferation, measured by Ki-67, was higher than 90% in two cases (66.7%) ( Table 2 - Fig. 1 , B,C,D,E,F).
Molecular results:
Molecular cytogenetic by FISH showed that in the DLBCL group, positivity for MYC, BCL2 and BCL6 was determined in one (3.7%), 2 (7.4%) and 2 cases (7.4%), respectively. The three DHL patients presented translocation of the MYC gene simultaneously with the BCL2gene translocation. There were no cases of triple-hit lymphoma ( Table  3 - Fig. 1 ,G,H,I).
From Table (3), it is concluded that:
• Statistically high significant positive correlation between the immunohistochemical expression of c-myc,and bone marrow/CNS infilteration,recurrence, and death ( p-value p<0.01). • Statistically high significant positive correlation between the immunohistochemical expression of BCL-2 and LDH level, bone marrow infilteration,and death (p-value p<0.01).
• Statistically high significant positive correlation between the immunohistochemical expression of BCL-6, and bone marrow infilteration, and death (p-value p<0.01). • Statistically high significant positive correlation between the immunohistochemical expression of c-myc,and IHC expression of BCL-2 and BCL-6 (p-value p<0.01).
Positive Myc detected by IHC was reported in 6patients, 3 (50%) of them showed also positivity in the FISH test (p=0.0667). For this marker, the IHC technique had high specificity (85%) with low sensitivity (38%). Regarding Bcl2, 14 cases showed positive IHC expression, from which 3 cases (21.4%) showed concomitant positive cytogenatic analysis. None of the 9 patients that showed positivity for Bcl6 by IHC showed positive FISH (p=0.375), denoting poor agreement between the two methods for this marker. The findings related to BCL6 gene showed no statistical significance. 
Prognostic Significance of Concurrent MYC, BCL2 and/or BCL6 Expression

Discussion
Double hit lymphoma is the main element of the B-UNC/DLBCL/BL group. The complementary action of the genes involved, especially MYC that activates proliferation, and BCL2, that antagonize apoptosis in association with other molecular changes could explain the aggressive behaviour of these tumors. It represents about 10% of B-cell lymphomas and 4% of high-grade lymphomas [20, 21] . This first study in Egypt that detected 3 cases of double hit lymphoma out of the 30 cases of DLCL (10%) with translocations involving MYC and BCL2.
Our results matched to results reported by Landsburg, et al., [22] who found that Double-hit lymphoma is relatively uncommon, occurring in approximately 5% to 7% of patients with DLBCL. Dual-expressor lymphomas may be present in as many as one-third of patients with DLBCL.
According to Olivera, et al., [14] the prognosis of DHL is greatly affected by stage at diagnosis, extranodal metastasis, presence of central nervous system or BM infiltration, and if the patient is over 60 years old. The 3 DHL cases in the current study were over 60 years with high LDH; but, two cases out of the three cases presented with advanced stage, BM infiltration, and exhibited extranodal masses.
Our study found a Statistically high significant positive correlation between LDH level, and both of immunohistochemical expression of BCL-2 and death (p-value p<0.01). Similarly, Yadav, et al., [22] reported that lactate dehydrogenase level is high in cases of lymphoproliferative disorders, they affect the outcome can be used to follow the theraputic response and recurrence in cases of NHL.
In the current results, the "necrosis" with "cytoplasmic eosinophilia" in the diffuse large cell lymphoma, the positivity for IHC for Myc in more than 50% of cells, and positivity for IHC for Bcl2 over than 70% can be used as potential criteria for selection of cases eligible for FISH. But we recommend additional studies with greater number of cases to analyze such associations; especially study of morphology as it is a suitable and available method of evaluation in routine pathology. Oliveira, et al., [14] recommended the "starry sky" pattern as a suitable selector criteria for eligibility of DLCL cases for cytogenatic study.
Cases of double hit lymphoma have poor outcome.the current results reported that all the cases with double hit lymphoma died, about 4 months after the initial presentation. Li et al., [18] , reported that MYC/BCL2 DHL is an aggressive B cell neoplasm and patients often have worse outcome, also, Sonali, et al., [24] concluded that DHL is very proliferative and drug-resistant, and it had worse prognosis. Such aggressive course of DHL may be explained by the synergistic action of MYC and BCL2: Activate proliferation and inhibit apoptosis.
We studied the rate of cell proliferation, through measuring the percent of nuclei stained by Ki67, and studied if it can be used as a criterion for selection the patients eligible for FISH. The cutoff points used was 90% and a statistically significant difference in the rate of cell proliferation was found between cases of DHL and cases of DLCL ( p<0.05). Similarly, Oliveira, et al., [14] found that 12.8% of patients of DLCL and 66.7%of DHL patients had high proliferation index (Ki67 >90%).
The detection of IHC expression of Myc, Bcl2 and Bcl6 was done in the current study. The cutoff point to determine if MYC and BCL-6 were positive was 50%, while for Bcl2, it was 70%. In the current study, a statistically significant positive correlation between IHC and cytogenatic concerning MYC gene and, the BCL2 gene (p<0.01). Correlation between the MYC gene and the BCL2 gene was statistically significant (p<0.01).
Olivera, et al., [25] studied the presence of Myc and Bcl2 and Bcl-6 by IHC in Brazalian patients diagnosed as high grade Non-Hodgkin lymphoma, and he correlated these data with their outcome. Patients that were positive, especially if positive for both markers had bad outcome, with increased incidence of mortality. Also Kawamoto, et al., [13] concluded in his study on 61 newly diagnosed cases of DLCL that MYC translocation by cytogenatic study and immunohistochemical overexpression of both MYC ( >_30%) and BCL2 (>_30%) could be independent prognostic factors for overall survival, but MYC overexpression is not a criterion for MYC translocation by cytogenatic study. It is concluded that FISH analysis of MYC translocation and MYC/BCL2 immunohistochemical overexpression are essential predictors for the outcome of DLBCL. Li et al., [18] found that MYC/BCL2 DHL and MYC/BCL6 DHL are aggressive B cell lymphomas and patients often have worse outcome. Similarly, Rosenthal and Younes [5] . Found that cases had DHL showed higher central nervous system metastasis, and prevention is mandatory. Testo, et al., [20] reported that. The MYC/BCL2 DHL patient's had very poor prognosis, and the incidence of mortality was vary high about 18 months after the diagnosis.
Kasieddy [19] . Found that Double hit gene rearrangements by FISH were detected in 3/22 (13.6%) patients. MYC IHC was positive in 8/22 (36.3%) cases, and 3 of these 8 cases (37.5%) were FISH positive. Sensitivity, specificity and concordance of MYC IHC as a screening tool were 100%, 73.6% and 72.27%, respectively. BCL2 staining was positive in 19/22 (86.3%) cases, and only 3 of the 19 cases (15.7%) were FISH positive. 5/22 (22.7%) cases showed positivity for both MYC and BCL2 by IHC (double protein expresser status) and 3 of these 5 (60%) cases showed positivity for DHL status by FISH. DHL biology did not show an association with any clinico-pathological parameters including age, elevated serum Lactate dehydrogenase, extra-nodal disease. Also, Aukema, et al., [10] concluded that MYC (+) lymphomas have to a great extent similar biology with singlehit and DHL, and they share different molecular features.
Kawamoto, et al., [13] emphasize the value of detecting such cases of DLCL, especially as no therapeutic protocol is available. The results of agreement between immunohistochemistry and FISH are very interesting, and can detect the parameters for selection of cases for molecular screening, but it is difficult to standardize criteria of positive cases for Myc and Bcl2 by IHC.
Conclusions
For our knowledge, this research represents the first research in Egypt concerning series of patients with DHL detected by FISH on 30 cases of highgrade lymphomas. For this research, high grade B-cell lymphomas, especially those showed IHC over-expression of CD10, Ki67, must be submitted to IHC for, at least, Myc andBCL2, BCL6. in cases with overexpression of at least 2 out of the 3IHC markers, Cytogenatic study for MYC, BCL2 and BCL6 must be done as these patients are high grade lymphomas and the molecular markers should be documented.
